Calculation of product costs is the source of information on the costs of selected produced products with great explanatory power. In current practice, the overhead costs on farms are monitored and calculated by species. They are allocated using an allocation base (average state of the animals, harvested area in hectares) or are converted using direct costs of the activity as an allocation base. With the current high level of overheads, this method cannot be considered effective. Only type classifications are monitored and are therefore anonymous in relation to activities. We consider high overhead costs as a good reason for implementing and using the methods of Activity Based Costing. In this paper we present a proposed model of Activity Based Costing for its use in agriculture, created in MS Excel. We create the model as a basic version, which can be more closely defined depending on the particular conditions of the business implementing the model. We complete the general model for better illustration with figures on costs. We present a comparison of model results with the traditional approach of calculating costs in agriculture. One of the biggest benefits of the ABC system is the binding of costs from accounts, activities performed and the cost of products in one system. We present a statistical comparison of model results with the traditional approach of calculating costs in agriculture.
INTRODUCTION
Information is a prerequisite for any management activity. Its value is growing continuously. Objectively, rapidly and correctly addressed information inside the company is an important basis for its effective management. One requirement is more accurate calculations of product costs. Clarification involves removing differences in the allocation of overhead costs and the replacement of a distorted image with a true picture based on the causal connections arising from real resource consumption.
Calculation of product costs is an important part of the company's information system (Tóth et al., 2016) . It is the source of information on the costs of selected produced products with great explanatory power ( Kubicová and Habánová, 2016) .
At present, agriculture in the Slovak Republic mainly uses traditional methods for the calculation of production costs. Traditional calculation formulas work with overheads (as opposed to modern methods of calculations that convert non-specific, anonymous overheads into direct costs). Traditional calculations do not reflect the needs of the market environment.
The agricultural sector is characterized by a high proportion of overheads. These are costs that cannot or would not be economical to monitor by calculation unit (Ferenczi-Vaňová et al., 2017). Overhead costs are therefore indirectly reflected in product costs of calculation units through an allocation base. The allocation base used is the direct costs of the different crops grown, animals raised, customer orders, work and services for others.
Managing overhead costs is complicated and therefore each business should try, in calculating production costs, to place the most costs directly on a calculated product or activity as direct costs. Therefore, it is necessary to change the content structure of individual cost items of the calculation formula. A good solution to the problems in overhead costs is non-traditional methods of calculating production costs, in particular ABC (Activity Based Costing), which brings a new perspective on overheads and turns them into direct costs.
The importance of the ABC calculation method is summarized in the following literature review.
According to Kaplan and Anderson (2003 , 2007 ) Activity Based Costing is an approach to solve the problems of traditional cost management systems. These No. 1/2018 traditional costing systems are often unable to determine accurately the actual costs of production and of the costs of related services. Consequently managers were making decisions based on inaccurate data especially where there are multiple products. Instead of using broad arbitrary percentages to allocate costs, ABC seeks to identify cause and effect relationships to objectively assign costs. Once costs of the activities have been identified, the cost of each activity is attributed to each product to the extent that the product uses the activity. In this way ABC often identifies areas of high overhead costs per unit and so directs attention to finding ways to reduce the costs or to charge more for costly products ( The role of direct labour in current manufacturing environments has diminished, but at the same time the level of support services has increased. Traditional methods of cost calculation do not take into account this increased complexity and still allocate overhead costs by their diminishing labour base or even do not take into account overhead costs (Gunasekaran, et al., 1999; Kostakis, H., 2008). Veščičík (2004 Veščičík ( , 2012 explains that Activity Based Costing is a new modern method of calculating the cost of individual processes, products and customers, which eliminates the inaccuracies of traditional methods of the last century (overhead calculations, covering post).
Traditional cost accounting methods were developed at a time when direct costs of labour and material factors of production were dominant and when changes in technology and consumer demand were not so fast (Gunasekaran et al., 1999; Kaszubski and Ebben, 2005; Kostakis, 2008). The problems with traditional cost accounting emerge when indirect costs (such as maintenance, insurance, production preparation, etc.) amount to significant sums or are even higher than direct costs. Activity Based Costing is a commonly used tool and has practical significance for the specific conditions of agricultural production, where it can be used to achieve the improvement of cost management (Zakić, Borović, 2013; Kaszubski and Ebben, 2005; Khataie and Bulgak, 2013). Activity Based Costing represents a universal management instrument that is used not only for the purposes of cost calculations, but represents a tool enabling effective cost reduction. In addition to these advantages, the ABC method has also its restriction as it is more demanding in terms of the volume and structure of the data processing. In case of its application, it is therefore necessary to consider carefully all the benefits and costs associated with its implementation (Popesko, 2010 (Popesko, , 2012 Popesko et al., 2015) . Pokorná (2016) states that looking for factors affecting business performance is one of a central concern of business economists for several years. Activity-Based Costing (ABC) is a management tool that provides additional and more accurate information on the costs and company performance, thus contributes to better manager decision making, and thus has potential to affect the financial performance. The ABC expansion among enterprises in the Czech Republic is currently comparable with neighbouring countries, although the extent of its use is lower.
The extensive ABC use is associated with higher quality levels and greater improvements in cycle time and quality, and is indirectly associated with manufacturing cost reductions through quality and cycle time improvements (Krumwiede and Charles, 2014; Lelkes, 2014). However, on average, extensive ABC use has no significant association with return on assets. Instead, weak evidence that the association between ABC and accounting profitability is contingent on the plant's operational characteristics ( ). An Activity Based Costing system is a system that focuses attention on the costs of various activities required to produce a product or service (Langfield-Smith et al., 1998; Jánsky et al., 2012). The ABC method is a progressive instrument of controlling. It enables to assign costs to products according to actually used up activities and resources. The method is designed for more accurate scheduling of indirect costs (overheads); as a schedule using the causal relationship between activities (processes) and individual performance. (Foltínová, 2011) . The main principle of the ABC is placing the activities among the source costs (taken over from the accountancy) and the products. One of the biggest benefits of the ABC system is the interconnection of the costs arising from the accounting, processes and costs of products into one system (Veščičík, 2012; Greasley and Smith, 2017). Cohen et al. (2005) present evidence that the possibility of future ABC adoption is related to the degree of satisfaction from the currently used cost accounting system. Companies that do not intend to adopt ABC (ABC deniers) were found to be more satisfied with their existing cost accounting system in comparison to ABC supporters. They also report the characteristics of companies that still have complete ignorance of the ABC technique (ABC unawares).
Following the above, the paper is divided into three parts. The first part presents a theoretical overview of calculation methods in agriculture, defines the specifics of agriculture and also presents an overview of opinions on the importance of the ABC method. The second part is devoted to the creation and implementation of a calculation model created by ABC method (non-traditional method for agriculture). The third part is focused on the statistic analyses and comparing the traditional calculation method with the ABC method.
Scientific hypothesis
The aim of this paper is to create a proposal for implementation of Activity Based Costing, which is also 
MATERIAL AND METHODOLOGY
The result is the presented methodology for calculating Activity Based Costing, which is based on a model in MS Excel 2013 and takes into account the specifics of primary agricultural production. The calculation model is created in the spreadsheet Microsoft Office Excel 2013 from the company Microsoft for the operating system Microsoft Windows and Macintosh, version number 15.0.4535.1511. The presented model of implementation of ABC is designed as a framework proposal in generic agriculture companies, supplemented in the paper with real data and then calculated results.
In order to achieve the aim of this paper, we analyse the current state of costs calculated in agriculture, then we define the specifics of primary agricultural production, particularly in conditions of transition economies. In the next part of the article, we specify the main activities in the production processes of crop and livestock production as a prerequisite for the use of the Activity Based Costing method in the structure of the calculation information system. Specification of activities focuses mainly on overhead costs for major production (crop and livestock) and administrative expenses, but also on the field of auxiliary production. These activities are specified in a selected agricultural cooperative, with the fictitious name Agroprodukt. For analysis of performance in crop production, we work with the products of wheat, barley, sugar beet, corn for grain and livestock production with products of milk cows-milk, fattening beef cattle, fattening pigs, fattening chickens.
From a methodological point of view, we use the nontraditional calculation method, Activity Based Costing, which charges all the indirect costs first to activities because they cause the need for costs and then divides activities to products, because products cause the need for the implementation of activities. This new view of costs enables their cost and complexity to be assessed compared with their benefits, creating a natural pressure to eliminate activities that are not effective.
The principle of the ABC method lies in the fact that in the first step the direct costs are assigned to outputs (this method does not bring anything new) and indirect (overhead) costs are assigned to activities (this is a substantial change). In the second step, the activities are assigned to individual cost items according to their degree of load of consumption for the activities necessary for their provision. Unlike the traditional approach -"everything to everyone equally" a selective system is applied on the basis of actual causation, that is, "to each only what they really consume, or what is consumed because of them." When implementing the ABC method in the selected enterprise, we follow generally defined steps to implement this method: a preparatory phase, specification of activities, aggregation of activities, identification of activity centres, first stage of allocation -costing of activities, creating the structure of the flow of costs, goods and identification of the activity centres, specification of products, the second stage of allocation -calculation of the cost of products, evaluation of results. Attention is paid to the selection and calculation of drivers.
For the purpose of comparison, the traditional method of calculation of product costs will be used with an allocation base formulated in the analysed fictional company.
The principle of the traditional calculation method is that we use the same allocation base for all kinds of overheads. Direct costs are allocated directly to the product, as is the case with the ABC method. It is used direct labour costs or total direct costs as an allocation base. For example -the percentage assignment of overhead costs to individual products is calculated: overhead / direct labour costs.
The material for analysis is the data on the levels of cost items found in the analysed company. The starting data sources for creation of the entire model are costs by type (reported in Table 2 ).
Subsequently, we have established a scientific hypothesis: Cost calculation using the traditional calculation method (based on the allocation base) is less accurate, distortive compared to cost calculation by the ABC method.
-H0: Equation of the mean values for both methods.
-H1: Inequality of the mean values for both methods.
In order to perform the statistical analysis, we used the real data of 22 agricultural enterprises (Grange, Ltd., SpA.). This is partly the data of companies that have already implemented the ABC method, in part data on enterprises that use only the traditional approach and the ABC method was modelled them (5 of these enterprises we modelled on ourselves, we obtained the rest of the data from consulting companies dealing with ABC implementation in enterprises).
Since the ABC method does not bring anything new in the direct cost allocation (allocates them directly to the product as a traditional approach), we included in the statistical analysis only the amount of overheads. These calculation approaches allocate overheads differently. The aim is to confirm or refute the established hypothesis. We perform tests of normality, we tested normality with two tests: Kolmogorov-Smirnov test and Shapiro-Wilk test (Table 7) . We evaluate data statistically using a paired ttest (Paired Samples Test), we evaluate the p-value (Table  8) .
Statisic analysis
In statistics, the Kolmogorov-Smirnov test (K-S test or KS test) is a nonparametric test of the equality of continuous, one-dimensional probability distributions that can be used to compare a sample with a reference probability distribution (one-sample K-S test), or to compare two samples (two-sample K-S test).
The Kolmogorov-Smirnov statistic quantifies a distance between the empirical distribution function of the sample and the cumulative distribution function of the reference distribution, or between the empirical distribution functions of two samples. The null distribution of this statistic is calculated under the null hypothesis that the sample is drawn from the reference distribution (in the one-sample case) or that the samples are drawn from the same distribution (in the two-sample case). In each case, the distributions considered under the null hypothesis are continuous distributions but are otherwise unrestricted.
The Shapiro-Wilk test is a test of normality in frequentist statistics. The test rejects the hypothesis of normality when the p-value is less than or equal to 0.05. Failing the No. 1/2018 normality test allows you to state with 95% confidence the data does not fit the normal distribution. Passing the normality test only allows to state no significant departure from normality was found. A t-test is appropriate for comparing means under relaxed conditions (less is assumed).
Paired tests are appropriate for comparing two samples where it is impossible to control important variables. Rather than comparing two sets, members are paired between samples so the difference between the members becomes the sample. Typicaly the mean of the differences is then compared to zero. The common example scenario for when a paired difference test is appropriate is when a single set of test subjects has something applied to them and the test is intended to check for an effect. We established suitable null and alternative hypostheses: Null Hypothesis H0: μ = μ0 Alternate Hypothesis H1: μ >μ0 We used four steps, listed below: 1. Calculate the sample mean. 2. Calculate the sample standard deviation. 3. Calculate the test statistic. 4. Calculate the probability of observing the test statistic under the null hypothesis. This value is obtained by comparing "t" to a t-distribution with (n − 1) degrees of freedom.
The test is based on the differences of the measured pair values in the compared variation ranges. We test the hypothesis that the mean value of the traditonal calculation method and non -traditional method equals (or: the difference of the mean values of the pair measurements is zero). First, we calculate the pair differences of the sample (nnumber of pairs) and calculate the arithmetic mean and the standard deviation "s" (or the variance s 2 ) from the differences found. Then we calculate test criterion (statistics) t:
The p-value (probability value) for the t-statistic is "p": p = 2 . Pr(T >|t|) (two-tailed) p = Pr(T >t) (upper-tailed) p = Pr(T <t) (lower-tailed) determine whether the results provide sufficient evidence to reject the null hypothesis in favor of the alternative hypothesis. The level of costs for agricultural products and their calculation, as distinct from other sectors of the national economy, is influenced by other factors resulting from the character of agricultural production. Among the most important are: Natural factors, particularly in crop production -this includes soil conditions, weather conditions and the position of the land.
High consumption of own products in the production process -in-house consumption, due to the overlap between crop and livestock production.
Fragmentation of land and its shape -negative influence on the transport costs and labour costs for mechanized work in crop production.
Cycle of current assets. Affects development costs and their reproduction with inequality during the calendar year (accounting, tax year). Crop production takes a year; in most sectors of animal production it is longer than a year.
Industry, to an ever greater extent, decides about the level of costs (range, quality of agricultural inputs).
In agriculture, there is some damage that directly or indirectly affects costs (death of animals, frost of winter crops, destruction of the plants by floods, droughts, pests, etc.). When drawing up the proposal for implementation of the ABC method it is necessary to take these specifications into account, because of their impact on the method of calculating costs. Taking into account the overlap between crop and animal production enables the capture of the production process, regardless of the length of the production cycle and enables activity in the manufacturing process to be recorded in such a way that it is possible to attribute costs to them in causal relationship.
Besides these general specifics of agriculture, it is necessary in transition economies to consider other factors, particularly limited financial resources, poor technical equipment of the business, using the traditional system of management accounting and calculations, not least the distrust of workers towards everything new and unusual. Therefore, for an agricultural company, low financial requirements for software are important. To avoid the mistrust of workers, the simplicity of the model of Activity Based Costing and logical clarity of its individual components is important, as is the ease of use.
Proposal of implanting the model and application in MS Excel suitable for agricultural businesses
While creating the proposed model of ABC we apply the procedures described in the methodological part of the paper.
In the studied agricultural cooperative, Agroprodukt, we specified activities and linked them to the activities listed in Table 1 . We selected basic activities related to production of eight products for which we are calculating the cost in the proposed model. The ABC method is intended primarily for the allocation of overhead costs. When specifying activities it is therefore necessary to maintain a balanced level of detail and not to confuse this phase of implementation with defining the technological standards and manufacturing processes. Specification of activities is a precondition for applying the ABC method. (Table A, Table B, Table C) .
A Relationships between costs and activities COSTS ACTIVITIES A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 Consumed material Fuels, oils and lubricants X X X X X X X X X Protective equipment X X X Cleaning and small material for maintenance of buildings and structures for animal production X X X Material for maintenance of office buildings X Material for the daily technical maintenance and repairs X Consumption of drugs and disinfectant material X Consumed energy X X X Consumption of other non-inventory items Water X X X Wages and salaries Payroll management X Wages for the daily technical maintenance and repairs X Amortization of long-term intangible assets and depreciation of long-term tangible assets Harvesters and tractors, self-propelled machines, tensioning system X X X X X Office buildings and warehouses X X Single-purpose buildings and facilities for animal production X X X Machines and mechanisms in animal production X X Trucks X X X X X Cars X Equipment of office buildings X Other operating expenses X Running costs of buildings (insurance, real estate tax, cost of heat) X X X
The tax on agricultural land X X X X Cost of vehicles X X X After specification of activities we can proceed to the actual cost calculation, which takes place in two steps. For creating a model in Excel, it is important that the agricultural businesses have the opportunity to export the data from accounting software to MS Excel. After talking with the workers from consulting software companies, we found that at least in a basic form, this is also possible for older accounting software. We create the proposed model in MS Excel. In the file we created individual sheets as needed for implementation methods in the agricultural firm: CostData, CostAllocation-1stLevel, CostFlowStructure, CostAllocation-2ndLevel. On each sheet there are tables needed for calculations using the ABC method. Consequently, we defined the links between cells and sheets. Models are like the basic version, which can be adjusted accordingly to the needs of the business. The general model is completed with data on costs for better Source: own software program. illustration. The CostData sheet (Table 2) contains items from cost accounts in their detailed analytical breakdown. They are exported from the accounts of the company. This sheet serves as the source data for further sheets of the program.
The CostAllocation-1stStage sheet (Table 3 ) performs the first step in the cost allocation model. It contains three tables. Table A is necessary to define relationships between costs and activities by constructing a matrix of dependency. If activity "i" causes the formation of cost "j", the cell "i.j" is filled in with "X". After recording all the relationships between the activities and costs of the analysed agricultural cooperative we can determine which activities consume various costs. In table B it is necessary to define the cost drivers of the 1 st stage on the basis of correlation between the costs and activities. They are used for the first stage of allocation, i.e. allocation of costs to individual activities. In practice, it often happens that cost drivers need to be a qualified estimate. It is necessary to define the percentage of the cost of individual activities, either on the basis of technological intensity, growing share in crop production or under otherwise specified criteria. It is important that this part of created model has been subject to consultation with the workers who are directly involved in an activity or workers who have information about the technological processes and the difficulty of cultivating crops and the processes implemented. The program provides value control of division of drivers into activities. Table C contains The CostFlowStructure sheet (Table 4) contains predefined mutual relationships between the activities; subsequently it is necessary to additionally define the distribution of the costs of some activities to other activities. Relationships are then defined in the program as fixed; specific expenses are allocated according to the source data. The base is table A, which defines relationships between activities. Here, we further characterize the nature of each activity. Activities can be production, operational support, administration or administrative activities and internal services. Thus, part of the activities has a direct relation to the products, and another part has a mediated relationship to them. The cost of activities with a mediated (indirect) relationship to the product must first be attributed to other activities to which they have a direct relationship. This is done in the same manner used to assign costs to activities. We find out what activities are related and then express their relationship quantitatively. Thus, we divide the cost of some activities onto other activities. Again, we need to define the drivers. Between activities there is a relationship of superiority and subordination depending on the direction of allocation of costs. It is important to remember that the costs of activity A can be moved to activity B only if activity A has already taken all the costs Source: own software program.
from its superior activities. Allocation of cost activities to other activities is therefore performed in several steps. The sheet then has as many tables as subordinate activities connected to superior activities. The CostAllocation-2ndLevel sheet (Table 5 ) first in table A expresses the relations between the activities and products by constructing a matrix of dependency. When product "i" consumes activity "j", cell "i.j" is filled as "X". For proper allocation of costs of activities to products the right choice of driver is very important. We already considered this when aggregating activities, so that it would be possible to assign a driver to each for the second stage. The result of the second stage of allocation is the cost calculation for individual products in table B. In the analysed cooperative, we specifically addressed it as follows: Activity 3 -sowing is allocated to wheat, barley, sugar beet and grain maize. The driver for the allocation of costs is the area of arable land in ha for individual crops (in a ratio of 420 : 150 : 330 : 250. The total costs of Activity 3 are then allocated to the products based on this ratio. The same driver is used also for activities 4 and 5 -cultivation and harvesting the crops. For activity 6, milking, the full amount of the cost is allocated to the product of milking -milk. For allocating the cost of activity 7 -feed is the driver used, which is expressed by the ratio of live weight of livestock of each species. This driver appears to be best for the activity. There are 100 head of dairy cows. If we consider the weight of one single LSU (livestock unit = 500 kilograms), the total mass of these animals is 50 tons. So we will use the allocation ratio of 50 : 15 : 14.5 : 2.6. Another type driver can be the ratio of the number of animals of each species. When allocating the cost of activity 8 -treatment is the driver used, which represents the ratio of surface size of the buildings housing different species. We decided on this driver because the activity of treatment includes, for the most part, providing light and heat as well as cleaning the buildings. Thus, the ratio is 500 : 100 : 45 : 10. The driver for allocating the cost of activity 9 -selling products, is determined depending on the weight of products, especially since it involves loading and delivering products.
Direct costs do not enter into the ABC model; they are defined right at the beginning. In the ABC model we only allocate overhead costs. The result is therefore the overheads associated with each product. To determine the total costs for products, the direct costs that were defined at the outset must be added, Table C . We consider the benefits of the proposed model to be accurate and objective calculation of overhead costs on farms, low financial requirements of software support for the ABC method created in this way, ease of use, flexibility of the model that can be supplemented as needed. The model can be used for the calculated loads at any stage of the production process. Information should be used to deal with different decision-making tasks. The proposed model allows you to make a monthly final calculation, to constantly optimise processes and the 
Statistical model of comparison of traditional calculation approach with ABC calculation method
Normality for the difference of values is one of the prerequisites for the use of the pair t-test. In Table 11 , we tested normality with two tests: Kolmogorov-Smirnov test and Shapiro-Wilk test. New variables have been created: Difference_Wheat etc., always in the way of Wheat_ABC-Wheat, etc. In newly created variables, the zero H0 hypothesis of normality was rejected in only one case at 5% of the test level (difference_ Fattening_pigs), the value in the Sig. column is less than 0.05. Table 8 shows the pair t-test output. The table has the following columns: Mean -Average Difference, Std. Deviation -standard deviation, Std. Error Mean -standard error of the average, Confidence Interval of the Difference -confidence interval, t-value of the test statistic, dfnumber of degrees of freedom, Sig. (2-tailed) -significance (p-value).
The zero hypothesis testifies that there is no statistically significant difference between the traditional and nontraditional method of calculation. In the case of rejection H0, there is a statistically significant difference (the value in the Sig. Column is less than 0.05) -this is the p-value. We are working at 5% of the level of the test.
In this case, the difference is statistically significant only for sugar beet; the other differences are not statistically significant (the ABC method is on average 1.51 higher). However, we must be aware that we are testing the average of differences. Absolute deviations may appear large, but after averaging the effect is disturbed, or deviations occur in both directions.
In general, however, the ABC method more precisely allocates overheads to the particular product, according to the activities that generated the costs. It uses a different cost allocation key, more directly assigns product overhead. The main contribution of ABC is the "insertion" of activities between source costs (from accounting) and products. In this way, there is a logical linkage between costs by type and activity on the one hand (each cost is due to some activity) and also the relationship between the cost of the activities and the products (the cost of the product equals the sum of the parts of the costs of the activities required for its implementation -supply, production, sales, etc.). 
